A rt Shapiro is disarmingly casual in his jeans and T-shirt, looking more like one of his students than like a professor of ecology. But the garb does not conceal what is obviously a piercing and inquisitive mind. Ask him a question and he will usually claim ignorance and then launch into a wide-ranging commentary.
Art Shapiro has been a professor of ecology at the University of CaliforniaDavis since 1971. When the university awarded him the Academic Senate Distinguished Teaching Award in 1990, he gave an acceptance speech about getting back to basics and refocusing on the influential thinkers of the 19th century-Darwin, Marx, and Freud.
His scientific peers consider him one of the best lepidopterists in North America. His 30 years spent trudging through fields, clear-cuts, and abandoned city lots have netted Shapiro thousands of butterflies and a lot of data. His published research paints a unique portrait of the butterfly fauna of Davis, but the conclusions he has drawn will anger environmentalists, delight business interests, and cause thoughtful conservationists to question their most cherished beliefs.
It all began a few years after he arrived in Davis and answered a knock at his front door. Standing on his porch was a neighborhood kid clutching a glass jar containing a small caterpillar. Her mother wanted to know what it was, because it was eating the plants in their garden.
Art knew the caterpillar was the larva of the red admiral (Vanessa atalanta), a common Davis butterfly. But what puzzled Art was that the red admiral lays its eggs on a plant in the stinging nettle family, a plant he had sought for years and had been unable to locate in the city. The word "stinging" is there for a reason: Bump up against this weed on a trail and you'll get the feeling that someone just stubbed a cigarette out on your leg. He wondered what kind of foliage might be growing in this neighbor's yard. The girl's mother had not been cultivating a noxious weed; instead, the red admiral had pulled off a spectacular stunt. After eons of laying eggs on nettles, it had stumbled across a plant with a similar chemistry: baby's tears (Soleirolia soleirolii), a common groundcover found in yards all across the city."Baby's tears doesn't look anything like a nettle, and it if it hadn't been for this kid, I would have never found the host plant," which is a member of the nettle family, says Shapiro.
Switching from a native host to an alien plant does not make the red admi- ral an ecological anomaly. In fact, the red admiral's reliance on foreign foliage places it well within the mainstream of the California butterfly fauna, which survives in a dramatically altered environment. Of the 32 butterfly species found within the city of Davis, 14 rely completely on foreign plants as hosts to raise their young, and a majority of the other butterflies will also use introduced flora. "If we were to remove all alien plants," Shapiro says, "we would lose 40 percent of the butterfly species in Davis."
If these numbers cause you to question assumptions about the ecological impact of alien species, then think about the great purple hairstreak (Atlides halesus). Black and iridescent blue, the butterfly lives high above the streets of Davis, flitting among branches in the tree canopy of the older neighborhoods. Most of these trees are exotics, planted decades ago by city workers or homeowners, and they are highly susceptible to parasitism by mistletoe. But while our planet supports 1300 species of mistletoe, only one grows in Davis, and it is actually a California native.
The great purple hairstreak lays its eggs on the mistletoe-and that's what makes the insect a freak of nature. By disregarding alien plants and choosing only a native as its host, it joins only two other butterfly species in Davis that still retain some semblance of their original life cycle.
California's history of illegal immigration
Perhaps more than any other state in the United States, California is a modified ecosystem, constantly renovated by successive invasions of European immigrants. This process began in 1769, when a Franciscan monk, Junipero Serra, established California's first European outpost just north of Mexico, at the Mission San Diego de Alcala.
The Franciscans slowly worked their way up the coast, building successive missions at distances that equaled one day's journey by horse. Along with slavery and Catholicism, they brought at least 16 different plant species, mostly for agricultural purposes. After Mexico won independence in 1825, California became the new nation's remote northern province. The government created large cattle rancheros, and somewhere in this process at least 63 more alien plants took hold.
In 1861, Mark Twain rode a stagecoach from Missouri to California, which had been annexed by the United States. It was the gold rush era, and he described the journey in his book Roughing It. Every 10 miles the stagecoach stopped at lonely way stations to change horses. The buildings were Spanish-style adobe structures with flat roofs, from which sprang "a pretty rank growth of weeds and grass." Twain quipped, "It was the first time we had ever seen a man's front yard on top of his house." Many of these plants were very likely invasive species hitching a ride along the stagecoach trail, and at least 55 of them became a part of the California ecosystem.
At the turn of the 20th century, the rate of invasion picked up as hordes of people poured into the Golden State. In 1925, pioneering California botanist Willis Jepson reported 292 naturalized species in the state. In the 1940s, biologist W. W. Robbins attempted to determine when European plants first occurred in California by probing the seed material that had been mixed into adobe structures. He found 497 weeds in California. By 1957, the number of introduced plants had reached 797 species, and in 1968, biologists found that the number had climbed to 975.
The Jepson Manual: Higher Plants of California (1993) lists 1057 naturalized plants within the state. However, this number does not include many commercial crops, even though California is the largest agricultural economy in the United States, with sales reaching over $30 billion annually. This number also ignores the many ornamental plants that fail to become naturalized, although butterflies may parasitize them as well.
The gray hairstreak (Strymon melinus) has the widest range of host plants in Davis; it parasitizes 11 known plant species, only 4 of which are native. Here the gray hairstreak feeds on bird's-foot trefoil (Lotus corniculatus), an alien plant widely used as a host by legume-feeding butterflies (top). The butterfly also uses three species within the genus Malva that have become naturalized in the city (bottom). Photographs: Paul Thacker.

Feature
To be certain, alien plants have not scattered willy-nilly across the state. Like the humans who brought them here, these species concentrate in the lowland areas, avoiding both deserts and mountain forests.
"Mediterranean climates are notorious hotspots for invasive species," says Carol Boggs, director of the Center for Conservation Biology at Stanford University."It's a benign climate and easy living. And humans like Mediterranean climates, so that's where we do a lot of our commerce and moving things around."
Davis lies at the heart of this ecosystem. An hour's drive from San Francisco, it is a small city of around 65,000 people surrounded by agricultural land. The landscape is typical of suburban America: single-family residences sprinkled among business parks. A narrow fringe of disturbed riparian woodland runs along the town's southern edge. The climate is Mediterranean with hot, dry summers and wet winters with an occasional freeze. Most of the urban vegetation consists of garden plantings and alien plants that thrive in disturbed habitats such as roadsides and vacant lots.
However, the deserts in southeastern California still retain native flora and fauna. And just an hour east of Davis, as you begin to climb the foothills of the Sierra Nevada, the number of alien plants starts to decline as the altitude rises. Davis sits 15 meters above sea level, and Jepson's manual claims that only 50 percent of the alien species manage to survive at 500 meters. At elevations above 2500 meters, only a couple of dozen alien species survive.
But even high up in the Sierras, you can find new tales of strange ecology. At 2100 meters, where Interstate 80 pushes through Donner Pass, there is a highway exit that leads to a small gas station with a convenience store. Across the street, trains ride the transcontinental railroad. Constructed back in the 1860s, the tracks slice through the surrounding forest, creating a break in the trees where vegetation is kept low with applications of herbicides-a disturbed habitat that is perfect for butterflies.
Shapiro has been coming here for well over two decades and has found that the butterflies flitting among the vegetation that grows next to the tracks feed almost exclusively on native plants. Few aliens survive in this habitat, where winters are harsh and snowfall averages 10 meters.
But even here butterflies have formed relationships with foreign plants. "The most dramatic case is the lustrous copper (Lycaena cupreus)," Shapiro says. "It has only two known hosts in the Sierras. One is the mountain sorrel, which is a circumpolar native found above 9000 feet in cool moist sites, mostly above tree line." But mountain sorrel (Oxyria digyna) occurs on only 5 percent of the lustrous copper's range. The other 95 percent is composed of common sheep sorrel (Rumex acetosella), which is almost universally accepted as a European invasive.
Sheep sorrel should have a difficult time finding its way to the Sierras: Its seeds are not very mobile. But once established, the plant spreads aggressively, sending rhizomes beneath the soil and producing vigorous growth. And while sheep sorrel is not considered a pest in California, it has become a problem weed in parts of the Andes. "It's probably being spread by animals," says Marcel Rejmanek. A professor of ecology at UC-Davis, Rejmanek specializes in California's invasive plants.
Shapiro cites another possibility. Not believing that the butterfly has expanded its range so much, he hypothesizes that sheep sorrel might actually be native to California.
Unnatural history
With such an exotic ecosystem brimming with alien plants, old rules of ecology are being completely rewritten back in Davis. Caterpillars of the red admiral
The checkered skipper (Pyrgus communis) has only one native host in Davis, but to raise caterpillars (green with black head), it uses four alien plants, including species of the genus Malva (top). The insects also feed on bird's-foot trefoil (Lotus corniculatus; bottom), an alien plant that a number of butterfly species use
as a host. Photographs: Paul Thacker.
happily munch on baby tears, but the question becomes, How do they do this? As butterflies putter about flowers searching for nectar, they are also hunting for that perfect place to lay eggs. Butterflies cannot see well beyond one meter, identifying a plant first by shape and color. Next they touch the leaves to sense the plant's chemical profile.
"Color and shape can stimulate an investigation," says Boggs. After coming closer to touch the plant, the female may then assess nitrogen and water quality as well. "But the baseline is the secondary compounds, and those tend to be shared by related plants. " Secondary compounds are substances not considered important to basic metabolism. The category is not well defined, and Boggs says it is really just a catchphrase scientists slap on plant compounds they don't yet understand.
"These chemicals are restricted to certain lineages and provide cues for hosts," says Shapiro."They are not a part of the basic metabolism for growth, but an investment for defense." At times, these chemicals can act as a bridge, allowing an insect to switch from one plant host to another. "This is the classic butterflyplant coevolution story," he adds.
The latest chapter in this serial novel is taking place just north of Davis, where Pole Line Road crosses Willow Slough. The alkaline soil of this ephemeral riverbed is the only Davis habitat for Mojave seablite (Suaeda moquinii), the native host of North America's smallest butterfly, the pygmy blue (Brephidium exile). Unlike many butterflies, pygmy blues do not undergo a winter diapause, a point in the life cycle when many insects cease activity and go dormant. Instead, they continue breeding throughout the winter. As spring rains give way to summer heat, the pygmy blues move out of the slough and colonize tumbleweeds (Salsola species), which, despite Hollywood westerns and country music ballads, are not really American natives but immigrants from Russia.
The interplay between pygmy blue, its seablite host, and the tumbleweed it later colonizes provides an excellent example of source-sink dynamics. The pygmy blues migrate to the tumbleweeds during the spring and can be seen in high densities along the roads where tumbleweeds congregate. But tumbleweeds are annuals, and sometime around Thanksgiving, they die off, disappearing into the winter winds and taking with them all the pygmy blues that populated their prickly stems. Only pygmy blues that remain on the Mojave seablite survive the winter, and with the return of summer, this population begins the cycle once again. The tumbleweed is a member of the goosefoot family, and while not all goosefoot species are acceptable to the pygmy blue, tumbleweed is a cousin of the Australian saltbush (Atriplex semibaccata), a species that the pygmy blue once colonized extensively. Brought in from Australia to control erosion on highway embankments, the Australian saltbush settled in California during the early 1900s. "It was seized on as a host plant by the pygmy blue, and in the '70s it was all over northern California," says Shapiro. For some unknown reason, the Australian saltbush range contracted. It still thrives along the coast but not inland in cities like Davis. "It has now died out and I don't know a locality where there is any saltbush for them to breed on."
Another interesting story is the anise swallowtail (Papilio zelicaon), a beautiful black insect splashed with yellow stripes. Thirty miles from Davis, in the Suisun Marsh, anise swallowtails still lay eggs on their natural host, the water hemlock (Cicuta maculata var. bolanderi), as well as on a native plant called water dropwort (Oenanthe). But in Davis they're quite content raising young on sweet fennel (Foeniculum vulgare), the same herb found in many gourmet salads. "Twenty percent of Santa Cruz Island is now covered with sweet fennel," says Rejmanek. "It's hard to tell if it escaped or was introduced. The cultivated varieties are not escaping, but sometimes within the same species we have populations that are invasive and aggressive."
Fennel is now found all across Davis, where it grows wild in yards, parks, and abandoned lots. This member of the parsley family has allowed the anise swallowtail to flourish in Davis, but a different invader is now complicating the story line.
In recent years, Shapiro has found bishop's weed (Ammi majus) in Davis.
Originally from the eastern Mediterranean, bishop's weed is widely cultivated both as a spice and as an ayurvedic medicine for fever and digestive problems. But in Davis, it's a weed that has caught the fancy of the anise swallowtail, creating a torrid tale of evolutionary drama, replete with two of the staples of any daytime soap opera: sex and murder. "Females lay their eggs on it, but the plant is toxic to the larvae," says Shapiro.
The ending to this story has not yet been written, but as anise swallowtails and bishop's weed take to the stage, the climax remains certain. At some point, either the caterpillars must adapt to the plant's chemistry or the female butterflies must learn to avoid this weed in the future.
An extraordinary plant-butterfly relationship is that between Bermuda grass (Cynodon dactylon) and the fiery skipper (Hylephila phyleus). Shapiro calls this insect "the world's most urban butterfly." The fiery skipper rarely strays into wild habitat, preferring parks and family lawns, where it raises young on mown Bermuda grass-specifically, carefully manicured turf with the thatch removed. The grass hails from the Mediterranean and has been in the Americas for well over a century. "I've had personal experience with the fiery skipper from Philadelphia to Houston to Florida to Buenos Aires," Shapiro says. "I don't know the original host, but it obviously isn't Bermuda grass." So the next time you're out with a butterfly net and pull a fiery skipper out of the air, pause for a moment and consider this idea: The butterfly you have caught is probably more reliant on humans than pigeons, house mice, or even cockroaches.
Revising conservation biology
Shapiro's work raises some obvious political problems for conservation biologists.
"People can survive in tar paper shacks if you kick them out of their homes, but that doesn't mean it's good for them," says Carla Bossard, a professor of environmental sciences at Saint Mary's College of California. Bossard warns against extrapolating data from urban environments to wild areas. "But this is quite fascinating and merits a great deal more research because it raises too many interesting questions." Donald R. Strong, a biology professor at UC-Davis, wonders which plants the butterflies originally used as hosts and where these plants are distributed outside the city. "Now I know if I asked Art these questions, he would have the answers," he says. "It's just fascinating, isn't it?"
The most troubling problems arise with conservation programs. When it comes to butterflies, are invasive plants good or bad? In some cases, it simply depends on the results scientists are trying to achieve. In an urban environment, biologists may have to stop trying to return to a pristine environment and simply aim for the best ecosystem possible. In San Francisco, for example, there has been a movement to eradicate eucalyptus trees, which originated from Australia. Certainly it would be better to have native oak and walnut trees, but these species take many decades to grow and the eucalyptus are performing an important function in the absence of native trees. Regardless of the choices biologists make, as foreign species complicate ecosystems, environmental values and the fiscal realities of achieving agreed-upon objectives will have to be reassessed.
Publicly, scientists also fail to emphasize that most alien plants quietly integrate into the ecosystem and cause few ecological problems. And those species that do become established usually maintain tentative toeholds only in areas of human disturbance. Remove the human disturbance, and native flora and fauna tend to drive out alien plants and animals. That's the big picture, but scientists and journalists tend to focus on the few minority plants that cause horrific problems, such as yellow star thistle or leafy spurge.
In the case of Davis, California, Shapiro suspects that alien plants have allowed the butterflies from the now greatly reduced tule marsh habitat to invade an urban environment. No longer reliant on their native plant hosts, the butterflies have expanded their range and now flit through suburban backyards along with robins, sparrows, and blue jays. Some people will see beauty in this, and some will see it as corruption of the natural landscape. That's just the way it is."There is good change and there is bad change," Shapiro says."And I think we have to weigh the pros and cons instead of just giving a knee-jerk response." Paul D. Thacker (e-mail: pdthacker@yahoo.com 
